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Introduction
Storing carbon dioxide (CO 2 ) geologically prevents its release into the atmosphere and contribution to global climate change as a greenhouse gas. The Energy Independence and Security Act of 2007 (Public Law 110-140) directed the U.S. Geological Survey (USGS) to assess potential resources for geologic storage of carbon dioxide in the United States. This assessment was to include conventional reservoirs for storing carbon dioxide-sandstones, limestones, and dolostones, overlain by a low-permeability sealing layer-and other, unconventional storage lithologies, including "unminable" coalbeds deep enough to make coal recovery uneconomical. The assessment of conventional resources for geologic storage of carbon dioxide was completed in 2013 (U.S. Geological Survey Geologic Carbon Dioxide Storage Resources Assessment Team, 2013) .
Carbon dioxide injected into deep coalbeds can be trapped in the coal pore structure or adsorbed to the coal by molecular bonds, thereby storing the injected carbon dioxide (Wickstrom and others, 2005) . In preparation for probabilistic assessments of potential resources for carbon dioxide storage in coalbeds, the USGS Geologic Carbon Sequestration Project assembled a team of experts from academia, industry, and government to recommend parameters and procedures that could enable assessment of the geologic storage potential of unconventional reservoirs, including coal (Jones and Blondes, 2015) . The team recommended that candidate coalbeds must be at least 3,000 ft deep for consideration as carbon dioxide storage to ensure that the injected carbon dioxide remains a supercritical fluid due to lithostatic pressure, maximizing the amount of carbon dioxide stored per unit volume of the reservoir. However, coals deeper than 3,000 ft with enough porosity and permeability to allow carbon dioxide injection may be hard to find in many basins, and most validation or pilot projects for carbon dioxide storage in coal to date (2016) have injected carbon dioxide in a non-supercritical state at 1,000-3,000 ft deep. These projects are also associated with enhanced coalbed methane (ECBM) production: the injected carbon dioxide strongly adsorbs to organics in the pore structure of the coal, displacing and releasing methane, which can then potentially be captured for economic benefit.
The team also recommended dropping the term "unminable" from the description of coalbeds potentially used to store carbon dioxide, because coalbeds deeper than 3,000 ft could technically be mined, although not economically at present. Additionally, groundwater in coalbeds possibly considered for carbon dioxide storage should contain more than 10,000 mg/L total dissolved solids as mandated by U.S. Environmental Protection Agency (EPA) standards for underground storage of carbon dioxide and the protection of potential underground sources of drinking water (EPA, 2009 (EPA, , 2010 40 CFR 146.3) . The team also recommended that a low-permeability sealing formation above coalbeds be required for coals to be considered for carbon dioxide storage and that coalbeds of all thicknesses be considered for carbon dioxide storage.
Any data files discussed in this report that are not characterized as belonging to a cited source can be found in the U.S. Geological Survey data release (Jones and others, 2019) associated with this report.
Purpose and Scope
This report and its accompanying geospatial data outline many areas of coal in the major coal basins of the United States beneath more than 3,000 ft of overburden. Based on depth, these areas may be targets for injection and storage of supercritical carbon dioxide. Additional areas where coal exists beneath more than 1,000 ft of overburden are also outlined; these may be targets for geologic storage of carbon dioxide only in conjunction with enhanced coalbed methane production. The areas where coal exists beneath at least 3,000 ft of overburden, and additional areas where coal exists beneath at least 1,000 ft of overburden, were compiled as polygons into a shapefile (deep_coal_us.shp) for use in a geographic information system (GIS). The coalbearing formation names, coal basin or field names, geographic provinces, coal ranks, coal geologic ages, and estimated individual coalbed thicknesses (if known) of the coal-bearing formations were included as attributes (FORMATION, NAME, PROVINCE, RANK, AGE, and THICKNESS) . The depth-to-coal category (either > 3,000 or 1,000-3,000, in units of ft) was also included as the attribute DEPTH_FT.
An additional point shapefile, coal_co2_projects.shp, contains the locations of pilot projects for carbon dioxide injection into coalbeds. Data about the projects-the project name, managing organization, coal basin, target coal-bearing formation, depth of injection, year injection began, mass of carbon dioxide stored geologically, county, and State-are included as attributes Proj_name, management, coal_basin, coal_field, depths, inject_yr, mass_stord, county, and State, respectively. This report is not a comprehensive study of deep coal in the United States. Some areas of deep coal were excluded based on geologic or data-quality criteria, while others may be absent from the literature and still others may have been overlooked by the authors. Most coal research and geospatial data focus on shallow, economically recoverable coal. If the literature does not contain information regarding deep coal in a particular basin, it can be hard to tell whether deep coal is absent from the basin or there was no previous interest in, or research on, the basin's deep coal. Coal-depth information can be limited by the maximum depths of wells. Although drilling for coalbed methane often ends upon reaching a coalbed of economic value, wells drilled for other reasons-such as for producing oil or gas-may stop before intersecting deep coalbeds, resulting in no data on these coals.
Geoprocessing Methods
The geoprocessing steps used to create the polygons representing deep coal varied between coal basins because the source data-mainly preexisting GIS layers, overburden maps, geologic structure maps, digital elevation models (DEMs), and well-log information-varies between basins. The accompanying deep_coal_us.shp shapefile contains polygons created by one or more of the generic geoprocessing steps in the following list, using QGIS or ESRI ArcGIS software.
1. Select and export USGS National Coal Resource Assessment (NCRA) polygons corresponding to overburden categories greater than 3,000 ft or 1,000 ft. The NCRA is a series of regional-scale reports and GIS data. The NCRA assessed many, but not all, domestic coal basins; additional sources of information are needed, especially for areas outside the scope of the NCRA (Pierce and Dennen, 2009).
1. Scan and georeference coal overburden maps that are of an appropriate scale for this project, digitize 3,000 ft and 1,000 ft overburden contours, and use these contours and the outlines of coal basins from East (2013) to create polygons representing coal deeper than 3,000 ft and 1,000 ft.
2. Calculate coal overburden using the following steps: (a) Create structure contours of the coal from existing coal structure maps; (b) convert these contours into a raster DEM; (c) subtract the coal structure DEM from a ground surface DEM to create a model of the overburden; (d) create 3,000 ft and 1,000 ft contours from the coal overburden model; (e) and use these contours and the outlines of coal basins to create polygons representing coal deeper than 3,000 ft and 1,000 ft.
3. Interpolate depth-to-coal points from well data using inverse-distance weighting to produce raster data of coal overburden, then create 3,000 ft and 1,000 ft contours from these raster data and use these contours and the outlines of coal basins to create polygons representing coal deeper than 3,000 ft and 1,000 ft. Main sources of well data were the Petroleum Information Data Model (PIDM) database (IHS Inc., 2010) 
Areas of Deep Coal
Eastern Province
Appalachian Basin
The Appalachian Basin contains bituminous coal in the Lower to Middle Pennsylvanian Pottsville Group, Middle Pennsylvanian Allegheny Group, and Upper Pennsylvanian Conemaugh and Monongahela Groups. Appalachian Basin cross sections of Ryder and others (C-C′, 2012; D-D′, 2009; E-E′, 2008; and I-I′, 2015) show parts of the coal-bearing Pottsville, Allegheny, and Conemaugh Groups deeper than 1,000 ft. Only small areas of coal deeper than 3,000 ft are shown; these are in the Pottsville Group on cross section I-I′. These areas of deep coal generally match the locations of areas with more than 1,000 and 3,000 ft of overburden in the geospatial data of the Northern and Central Appalachian Basin Coal Regions Assessment Team (2001) .
Shapefiles representing the overburden thicknesses of the Allegheny Group's Upper Freeport coalbed; the Monongahela Group's Pittsburgh coalbed; and the Pottsville Group's Pocahontas coalbed, Pond Creek coal zone, and Fireclay coal zone-c9011ob.shp, c9024ob.shp, c9104ob.shp, c9120ob.shp, and c9125ob.shp, respectively-were obtained from U.S. Geological Survey Professional Paper 1625-C (Northern and Central Appalachian Basin Coal Regions Assessment Team, 2001). Polygons with ob_cat attributes of 109, corresponding to overburden thicknesses of 3,000-6,000 ft, were merged to create the polygons for coal at greater than 3,000 ft depth. Polygons with ob_cat attributes of 107 or 108, corresponding to overburden thicknesses of 1,000-2,000 ft and 2,000-3,000 ft, respectively, were merged to create the polygons for coal at depths of 1,000-3,000 ft in the northern and central Appalachian Basin. (The southern Appalachian Basin is addressed in the following section, "Black Warrior Basin and Southern Appalachian Thrust Belt.")
In January 2009, the Southeastern Regional Carbon Sequestration Partnership (SECARB) injected about 900 metric tons of carbon dioxide into the coal seams of the Pottsville Group's Pocahontas and Lee Formations in Russell County, Virginia, in the central Appalachian Basin. This project included recovery of coalbed methane produced as a result of the carbon dioxide injection. Injection depth was between 1,400 and 2,200 ft (National Energy Technology Laboratory, 2012; Gilliland and others, 2013).
Black Warrior Basin and Southern Appalachian Thrust Belt
Coals in the Black Warrior Basin and the adjacent southern Appalachian thrust belt are divided between the Warrior, Coosa, and Cahaba coal basins and are all stratigraphically in the Lower to Middle Pennsylvanian Pottsville Formation. The Warrior coal basin contains most of northern Alabama's coal (Ward, 1984) and is located entirely in the Black Warrior Basin; the Coosa and Cahaba coal basins are in the synclinoria of the Appalachian thrust belt. Coals of the Coosa coal basin are primarily in the upper Pottsville Formation. Many coals in the Coosa coal field are shallower than 1,500 ft, and nearly all coals in this field are shallower than 3,000 ft. Cahaba basin coals span nearly the entire Pottsville Formation (McIntyre and Pashin, 2007) . Parts of the Cahaba coal field are particularly deep, with coal-bearing strata as deep as 7,000 ft (Hewitt, 1984) .
Coals of the Black Warrior Basin are identified as possible targets for carbon dioxide storage because of their great depth. The University of Alabama School of Mines and Energy Development's Duncanville core intersects the Mary Lee and Black Creek coal zones at depths greater than 3,000 ft (Pashin and Raymond, 2004; Pashin and others, 2009 ). Hatch and Pawlewicz (2007) also depict the Mary Lee, Blue Creek, and Jagger coal fields with areas deeper than 3,000 ft. Pashin and others (1991) note that some groundwater in the Mary Lee coal zone contains less than 3,000 mg/L total dissolved solids, which would eliminate this coal as a target for carbon dioxide storage based on EPA standards and recommendations of a minimum 10,000 mg/L total dissolved solids in groundwater used for carbon dioxide storage projects (EPA, 2010) .
The Black Warrior Basin and southern Appalachian thrust belt deep coal polygons surround the locations of wells from NCRDS (U.S. Geological Survey, 2012) and Geological Survey of Alabama data that intersected coal deeper than 3,000 ft and deeper than 1,000 ft. Geological Survey of Alabama researcher Marcella McIntyre-Redden provided the Geological Survey of Alabama deep well data (DeepCoalWells_ALGS.shp) in 2012.
In 2010, SECARB injected 252 metric tons of carbon dioxide into the Pottsville Formation's Pratt, Mary Lee, and Black Creek coals in the Blue Creek coal field, Black Warrior Basin, Tuscaloosa County, Alabama, as part of a field test for carbon dioxide storage in coal with ECBM production. The injection depth was between 940 and 1,800 ft (National Energy Technology Laboratory, 2012; Pashin and others, 2015) .
Gulf Coast Province
The coal-bearing strata in the Gulf Coast Province include the Tertiary Claiborne, Jackson, and Wilcox Groups, which dip toward the Gulf of Mexico. Coals are distributed throughout these formations, and individual beds can reach 10 ft thick (Breland, 2004) . Ayers and Lewis (1985) reported the depths of Wilcox Group coals ranging from 2,000 to 6,000 ft. The maximum depth of coal in this province is assumed to be the base of the Cretaceous-Tertiary coalbed methane play (Warwick and others, 2007) . Wilcox Group coals in east-central Texas, particularly the Calvert Bluff Formation, are targeted for possible carbon dioxide storage (McVay and others, 2007) .
The Gulf Coast Province 3,000 ft and 1,000 ft deep coal polygons were created using existing GIS data and represent coal-bearing sections of the Claiborne, Jackson, and Wilcox Groups deeper than 3,000 ft and 1,000 ft. The northern limit of the Gulf Coast Province polygons are the smoothed -3,000-ft and -1,000-ft contours of the structure map of the top of the Wilcox Group in the wilcox_top_structure.shp (Warwick, written commun., 2015) . The southern boundary of the polygons is the limit of the Cretaceous-Tertiary coalbed gas assessment unit of Warwick and others (2007) . The polygons were clipped to the State-waters boundary.
Interior Province

Illinois Basin
Illinois Basin coals are of Pennsylvanian age. Prominent coals in this basin include the Springfield and Herrin coals of the Carbondale Formation in Illinois (or of the Petersburg and Dugger Formations, respectively, of the Carbondale Group in Indiana), the Danville coal of the Shelburn Formation in Illinois and of the Dugger Formation in Indiana, and the Baker coal of the Shelburn Formation in Kentucky . Illinois Basin cross sections by Whitaker (1990a, 1990b) ; Treworgy and others (1992) ; Whitaker and Treworgy (1990) ; and others (1992a, 1992b) suggest that Pennsylvanian strata do not reach 3,000 ft depth in the Illinois Basin, only approaching 2,000 ft deep at the deepest portions of the middle of the basin.
The polygon representing coal deeper than 1,000 ft in the Illinois Basin was created by selecting the LEGEND attribute of "greater than 1,000 ft" from the ibspovb.shp shapefile of Gunther and others (2002) , representing the depth of overburden (ovb) atop the Springfield coal (sp) in the Illinois Basin (ib). The Herrin, Danville, and Baker coals are shallower than the other areas, and their outlines at 1,000 ft deep are entirely inside the 1,000 ft footprint of the Springfield coal.
In 2008, the Midwest Geological Sequestration Consortium (MGSC) injected 92.3 metric tons of carbon dioxide into the Illinois Basin's Springfield coal, Wabash County, Illinois, at between 896 and 902 ft deep as part of the Tanquary ECBM field test (National Energy Technology Laboratory, 2010b; Finley, 2011).
Fort Worth Basin
Fort Worth Basin coals are considered part of the Interior Province, rather than part of the nearby Gulf Coast Province, because the Ouachita thrust belt separates the two provinces. The coals in the Fort Worth Basin are located in the Pennsylvanian Strawn Group and are scattered and discontinuous, but they could be considered for carbon dioxide storage because many of these coals are deeper than 3,000 ft. Little depth-to-coal information exists for this area because the literature focuses on coals shallower than 3,000 ft. Depth to coal generally increases northwestward in the Fort Worth Basin, with the deepest coalbeds occurring in the Texas Panhandle (Evans, 1974) . Mapel (1967) reported coals deeper than 3,000 ft in Cottle, Foard, Hardeman, Motley, and Wilbarger Counties, Texas. Cheney (1940) suggests that the coal-bearing formations of the Strawn Group continue through Young, Archer, and Wichita Counties, Tex., consistent with Mapel's (1967) maps of deep coal distribution. Underlying Atokan rocks in the Texas Panhandle also contain coal deeper than 4,000 ft, but these coals are less continuous than those of the Strawn Group (Mapel, 1967) and are not included in the Fort Worth Basin deep coal polygons.
The primary polygon in the Fort Worth Basin is the result of geoprocessing three data sources: (1) IHS Inc. (2010) well depths to the top of the Strawn Group (Strawn_IHS_tops.shp shapefile), through which a surface model was created using inverse-distance weighted interpolation, and 3,000 ft and 1,000 ft contours were created; (2) scanned and georeferenced figures of coal distribution from Mapel (1967) ; and (3) the coal fields polygon for the Southwestern Region of the Interior Province from East (2013) . The western edge of the 3,000 ft and 1,000 ft Fort Worth Basin polygons is the western edge of the Southwest Region defined by East (2013) . The southern boundaries are the 3,000-ft and 1,000-ft contours of the overburden atop the Strawn Group. The eastern edge of the 3,000 ft polygon is bound by Mapel's (1967) Strawn coal boundary, as IHS Inc. (2010) Strawn data do not exist in the area that Mapel claimed to be Strawn coal. The eastern edge of the 1,000 ft polygon is bounded by Mapel's (1967) Strawn coal boundary and East's (2013) Fort Worth Basin polygon. The polygons beyond the boundaries of East's (2013) Fort Worth Basin polygon were added to the Fort Worth Basin polygon from a scanned and georeferenced figure of Strawn coal ( fig. 7 of Mapel, 1967) . Coal boundaries that followed State or county borders were generalized, as Mapel (1967) suggested in the text that these coal areas extend into surrounding counties.
Western Interior Coal Region
The Western Interior Coal Region contains three coal basins-from north to south, the Forest City, Cherokee, and Arkoma Basins (EPA, 2004b)-which were strip-mined extensively.
Coal in the Forest City Basin, the northernmost basin in the Western Interior Coal Region, is confined to the Middle Pennsylvanian Riverton Formation and the Cherokee, Marmaton, and Pleasanton Groups (Rice and others, 1995) . These coals reach a depth of about 1,600 ft (Anderson and Wells, 1968; Rice and others, 1995) .
The main coals in the Cherokee Basin are in the Middle Pennsylvanian Krebs and Cabaniss Formations of the Cherokee Group. The EPA (2004b) suggests that these coals are 800-1,200 ft deep, although Dave Newel from the Kansas Geological Survey suggested the Riverton coal of the Krebs Formation and the Weir-Pittsburg coal of the Cabaniss Formation might extend deeper than 2,000 ft in the western parts of the Cherokee Basin (written commun., 2012).
In the Arkoma Basin, coal in the Middle Pennsylvanian Hartshorne Formation and underlying Middle Pennsylvanian Atoka Formation (Iannacchione and others, 1983) extend deeper than 5,000 ft below the surface (EPA, 2004b). Regional cross sections A-A′ and B-B′ in Andrews (1998) depict the Hartshorne upper and lower coals at about 3,000-3,500 ft deep through Le Flore and Hughes Counties, Oklahoma. Iannacchione and Puglio (1979) show areas of overburden in the 3,000-4,000 ft range in Haskell and Le Flore Counties, Okla. Low groundwater salinity may preclude carbon dioxide storage in some of this area, particularly in Oklahoma (EPA, 2004b) . Coalbed thicknesses range from less than a foot to more than 3 feet and are discontinuous in parts of the basin (Houseknecht and Iannacchione, 1982) .
The deep coal polygons for the Western Interior Coal Region in the accompanying shapefiles were created using IHS Inc.'s (2010) depth-to-top-of-formation data for both the Atoka and Hartshorne Formations (atoka_tops.shp and hart_IHS_tops.shp shapefiles) in the Arkoma Basin. Surface models were created using inverse-distance weighted interpolation through the points representing the formations' top surfaces, and 3,000-ft contours were created. The polygons enclosed by the 3,000-ft contours were merged and clipped to the Western Region polygon from East (2013) . The resulting area encompasses the Hartshorne coal depicted by Iannacchione and Puglio (1979) . The 1,000 ft polygons were created using IHS Inc.'s (2010) depth-to-topof-formation data for the Riverton Formation and the Cherokee, Marmaton, and Pleasanton Groups in the Forest City Basin; the Krebs and Cabaniss Formations, Cherokee Group, and Riverton and Weir-Pittsburg coals in the Cherokee Basin and the Chautauqua Basin (the name used in the IHS Inc. database for the portion of the Cherokee Basin in Oklahoma); and the Atoka and Hartshorne Formations in the Arkoma Basin.
Northern Great Plains Province
Powder River Basin
The primary coal-bearing formations in the Powder River Basin are the Tertiary Wasatch and Fort Union Formations. Most coalbeds of the Wasatch Formation are about 200 ft deep (Choate and others, 1984) . The IHS Inc. (2010) data for coal occurrences deeper than 3,000 ft and 1,000 ft in the Fort Union Formation suggest an area of deep coal that trends northwest-southeast through the Powder River Basin. The thickest Wyodak-Anderson coalbeds are more than 200 ft thick . Overburden maps by Scott and others (2011) and GIS data from Kinney and others (2015) confirm the extents of these areas of deep coal. Areas where coal exists deeper than 3,000 ft and 1,000 ft in any of the 47 Powder River Basin coalbed layers in the depth-to-coal raster data of Kinney and others (2015) were selected, and these areas were then converted to vector polygons.
Williston Basin
The primary coal-bearing formation of the Williston Basin is the Paleocene Fort Union Formation, which dips shallowly (1°-2°) toward the center of the basin. The Fort Union Formation is subdivided, from bottom to top, into the Ludlow, Cannonball, Tongue River, and Sentinel Butte Members (Ellis and others, 1999b) . The majority of this coal is too shallow for carbon dioxide storage, according to depth estimates by Averitt (1975) . Ellis and others' (1999b) overburden maps suggest no significant coal deeper than 3,000 ft. Murphy (2006) reported that lignite in the North Dakota section of the Williston Basin might extend to 1,800 ft deep or more. A review of cross sections by county suggests that the deepest coal in the Fort Union Formation is around 2,000 ft (Murphy, 2006) . Because the Fort Union Formation deepens toward the center of the basin, coals in the basin margins in northern South Dakota and eastern Montana would likely be shallower than those investigated in the counties of western North Dakota by Murphy (2006) .
The Williston Basin 1,000 ft coal polygon was created by selecting the polygons with an OVERBURDEN attribute of 1,000-1,500 ft, 1,500-2,000 ft, and 2,000-3,000 ft from the shapefile harovb.shp (U.S. Geological Survey Fort Union Assessment Team, 1999), representing the Harmon coal zone, lowermost Tongue River Member of the Fort Union Formation in the Bowman-Dickinson coal field.
In 
Rocky Mountain Province
Bighorn Basin
Coal-bearing formations of the Bighorn Basin include the Cretaceous Cloverly, Frontier, Mesaverde, Meeteetse, and Lance Formations; the Paleocene Fort Union Formation; and the Eocene Willwood and Tatman Formations (Roberts and Rossi, 1999) . The thickest coals are in the Mesaverde, Meeteestse, and Fort Union Formations (Finn and others, 2009 ). The coals of the Mesaverde Formation are within non-marine sandstones contained in a regressive marine sequence, and the coals range in thickness from 4 to 12 ft (Finn and others, 2009 ). The Meeteeste Formation coals occur in alternating thin beds of fine coastal sediments (Finn and others, 2009 ). Finally, the Fort Union Formation coals occur in alluvial sediments and range in thickness from 3 ft to a rare extreme of 10 ft (Roberts and Rossi, 1999) . Coal-bearing strata deepen in the center of the basin and may extend deeper than 15,000 ft (Finn and others, 2009) , so coals in the ideal depth range for carbon dioxide injections occur near the edge of the basin.
The Bighorn Basin deep coal polygon was created by first selecting all IHS Inc. (2010) tops data points associated with the Mesaverde, Meeteestse, and Fort Union Formations in the Bighorn Basin (Bighrn_cpts.shp shapefile). Next, a surface model was created using inverse-distance weighted interpolation using the depths to the top of the most data-rich formation-the Mesaverde-and contours were created at 3,000 and 1,000 ft. These contour lines were then converted into polygons.
Wind River Basin
The primary coal-bearing formations of the Wind River Basin are the Upper Cretaceous Meeteetse, Mesaverde, and Cody Formations; the Lower Eocene Wind River Formation (often combined with the Indian Meadows Formation); and the Paleocene Fort Union Formation (Hogle and Jones, 1991; Flores and Keighin, 1999) . The Wind River and Indian Meadows Formations crop out in the basin and are up to 5,500 ft thick, but their coals are lenticular, discontinuous, and limited in extent (Hogle and Jones, 1991) . The Fort Union Formation is more continuous and perhaps a better carbon dioxide storage target than the Wind River and Indian Meadows Formations, even though shallower coals in the Wind River and Indian Meadows meet the minimum depth requirements for this report. The accompanying GIS data represent the Fort Union Formation coal areas only.
Fort Union Formation coalbeds are 5-15 ft thick near Castle Gardens, Fremont County, Wyoming. (Flores and others, 1992) , although one coalbed in this area is 40 ft thick (Johnson and Flores, 1993) . Coalbeds may reach 2 miles in their lateral extent (Flores and others, 1992) .
The Wind River Basin polygons in the accompanying deep_coal_us.shp shapefile were created by scanning and georeferencing the Fort Union Formation structure map of Hogle and Jones (1991) . The structure contour lines were digitized as vectors, converted to raster data, and subtracted from the Wind River Basin DEM using the raster calculator tool. The resulting overburden contours of 3,000 ft and 1,000 ft were used as the southern boundaries of the deep coal areas in the basin. The northern boundary was the northern edge of the coal field polygon for the Wind River Basin polygon in East's (2013) coal fields shapefile.
Green River Basin
The EPA (2004d) identified the Paleocene Fort Union Formation and the Upper Cretaceous Mesaverde Group containing the Williams Fork and Almond Formations as the primary coal-bearing formations of the Green River Basin in northwestern Colorado and southern Wyoming. The Eocene Wasatch Formation also contains some coal but may be too shallow for carbon dioxide injections (though it may be included in the deep portions of the Mesaverde Group elsewhere). The Williams Fork Formation deepens southeastward from the surface to 8,000 ft below the surface (EPA, 2004d). Tremain and others (1996) suggest most of this region contains coalbeds deeper than 3,000 ft. Jones and others (1978) show this in a coal resources map of the Colorado portion of the Green River area representing deep areas of the Mesaverde Group (Lance, Fort Union, and Wasatch Formations) in Moffat and Routt Counties, Colorado.
NCRDS data (U.S. Geological Survey, 2012) contain information on wells intersecting coalbeds deeper than 3,000 ft in the following formations with corresponding coalbed thickness ranges: Almond Formation (1-7 ft), Fort Union Formation (2-50 ft), Fox Hills Sandstone (1-5 ft), Frontier Formation (3 ft), Lance Formation (1-22 ft), Wasatch Formation (4-16 ft), Williams Fork Formation (10-29 ft) and the Mesaverde Group (1-36 ft). When evaluated collectively, NCRDS records suggest coal-bearing strata reach depths of at least 11,000 ft in this basin. The formations in NCRDS do not closely match formation names in IHS Inc. (2010).
Areas of coal deeper than 3,000 ft and 1,000 ft in the far southeastern part of the Green River Basin region were obtained from the NCRA shapefiles yama_fin.shp, yamb_fin.shp, yamc_fin.shp, and yamd_fin.shp, representing the overburden over the Yampa coal field zone A, B, C, and D, respectively (U.S. Geological Survey Fort Union Assessment Team, 1999). The attribute OVERB, in units of hundreds of ft of overburden, was used to create the polygons. To create the polygons for the rest of the Green River Basin, IHS Inc. (2010) wells in this basin (GreenRiv_tops.shp shapefile) that intersected the Fort Union, Almond, and Williams Formations were selected and used to interpolate depth-to-top surface models for each formation individually. These surface models were contoured, and the areas containing coal deeper than 3,000 ft were added to the Green River Basin 3,000-ft polygon; the areas containing coal deeper than 1,000 ft that were not already in the 3,000-ft polygon were put into the 1,000-ft polygon. The same was done for the Danforth Hills coal field, coal zones A, B, C, D, E, F, and G (dana_fin.shp through dang_fin.shp; U.S. Geological Survey Fort Union Assessment Team, 1999).
Hanna and Carbon Basins
The Hanna and Carbon Basins, Wyo., contain coalbeds up to 36 ft thick in fluvial sediments of the Upper Cretaceous Ferris Formation and overlying Tertiary Hanna Formation (Ellis and others, 1999a; Flores and others, 1999a) .
The deep coal polygons of the Hanna and Carbon Basins resulted from selecting, exporting, and merging the NCRA polygons for coal zones with overburdens of 3,000-4,000 ft; 4,000-5,000 ft; and 5,000-10,000 ft (the > 3,000 ft polygon), and 1,000-1,500 ft; 1,500-2,000 ft; and 2,000-3,000 ft (the 1,000-3,000 ft polygon). The relevant NCRA shapefiles for this step were fer23ovb.shp, fer25ovb.shp, fer31ovb.shp, fer50ovb.shp, fer65ovb.shp, ha77ovb.shp, ha78ovb.shp, ha79ovb.shp, ha79ovb. shp, and ha81ovb.shp (U.S. Geological Survey Fort Union Assessment Team, 1999).
Raton Basin
The primary coal-bearing formations of the Raton Basin in northeastern New Mexico and southeastern Colorado are the Upper Cretaceous Vermejo Formation and overlying Cretaceous and Paleocene Raton Formation (Johnson and Finn, 2001) . Coal is more prevalent in the Vermejo Formation than the Raton Formation (Dolly and Meissner, 1977) , but the coalbeds of the Vermejo Formation (6 in. to 6 ft) are thinner than the coalbeds of the Raton Formation (6 in. to 12 ft) (Dolly and Meissner, 1977) . The depth of overburden ranges from 500 ft to about 4,000 ft for the Vermejo Formation, deepening from southeast to northwest. All of the groundwater of the greater Raton Basin is fresher than 10,000 mg/L total dissolved solids (EPA, 2004c) .
The boundaries of the deep coal area were digitized from the overburden to coal interval figure of Stevens and others (1992) . The 1,000 ft contour was created by interpolating between the 800-and 1,100-ft contours and the 3,000-ft contour was created by interpolating between the 2,900-and 3,200-ft contours.
San Juan Basin
The primary coal-bearing formations of the San Juan Basin, New Mexico, are the Cretaceous Menefee Formation and the Upper Cretaceous Fruitland Formation. The Fruitland Formation contains coalbeds 20-80 ft thick (EPA, 2004a) and extends to 4,500 ft deep (Shomaker and Whyte, 1977) . NCRDS well data (U.S. Geological Survey, 2012), however, suggest that coal was first intersected at a 5,228 ft depth for a well with a total depth of around 8,000 ft, and thicknesses are from less than 1 ft to 72 ft. According to selected NCRDS wells for the Menefee Formation, coal-bearing strata reach 6,357 ft deep with bed thicknesses ranging from 1 to 18 ft. The Menefee Formation contains beds at least 2 ft thick extending 6,000 ft below the surface (Shomaker and Whyte, 1977) . The NCRDS and IHS Inc. (2010) data regarding depth to the tops of the coal-bearing formations agree with the literature in depicting a thickening of overburden in the northeastern part of the basin (in the area around Rio Arriba, northeastern San Juan, and southwestern La Plata Counties, N. Mex.). The Fruitland Formation has been heavily mined and developed for coalbed methane production. Groundwater in the northwest and southwest parts of the San Juan Basin has total dissolved solids concentrations of more than 10,000 mg/L; the southeastern area is less saline and can contain less than 10,000 mg/L total dissolved solids in some locations (EPA, 2004a) .
Areas corresponding to overburdens of from 1,000 to 3,000 ft and more than 3,000 ft over the base of the Fruitland Formation were selected from the NCRA shapefile for the San Juan Basin-sjb_fin.shp; attribute OVERB of 10-20 and 20-30 and OVERB of >30, respectively. The units for overburden thickness in the shapefile are hundreds of feet (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) .
The first ECBM carbon dioxide injection occurred in 1995 in the San Juan Basin, San Juan County, N. Mex., into a 43-ft coalbed of the Fruitland Formation at 3,100 ft depth. From 1995 to 2001, when injection ceased, 322,000 metric tons of carbon dioxide were injected, and the coal retained 277,000 metric tons of the carbon dioxide; the rest was coproduced with methane (Intergovernmental Panel on Climate Change, 2005). Jones and others' (1978) map depicts the majority of the South Park Basin, Colo., as containing coal beneath at least 3,000 ft of overburden. Eakins (1986) reports that the coals of the Upper Cretaceous Laramie Formation in the South Park Basin are deeper than 3,000 ft. Coalbeds in the Laramie Formation are between 1 and 5 ft thick (Washburne, 1910) .
South Park Basin
Areas of coal with more than 3,000 ft of overburden were digitized from the South Park Basin area in the map by Jones and others (1978) .
Denver Basin
The two coal-bearing formations of the Denver Basin are the Upper Cretaceous Denver and Laramie Formations (Tremain and others, 1996) . Dechesne and others (2011) published a GIS layer of structure contours showing the elevation of the top of the Fox Hills Sandstone, the unit directly underlying the coal-bearing units of the Denver Basin. This vector layer was converted to raster, subtracted from a regional DEM, and the resulting raster of depth-to-top of the Fox Hills Sandstone was contoured at overburdens of 3,000 ft and 1,000 ft.
Kaiparowits Plateau
The primary coal-bearing unit of the Kaiparowits Plateau, Utah, is the John Henry Member of the Upper Cretaceous Straight Cliffs Formation (Hettinger, 2009) . The deepest sections occur in the middle of the basin and extend deeper than 6,000 ft below the surface. The John Henry Member contains eleven coalbeds more than 4 ft thick (Vaninetti, 1979) .
Areas corresponding to overburden of 1,000-3,000 ft or more than 3,000 ft over the base of the Calico sequence and A-sequence were selected from NCRA shapefiles for the southern Wasatch Plateau-kai_tfin.shp and kaintfin.shp; attribute OVERB of 1-2 and 2-3 and OVERB of 3-6 and >6, respectively. The units for overburden thickness in the shapefile are thousands of feet (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) .
Henry Mountains
Coal in the Henry Mountains coal field, Utah, is primarily in the Ferron Sandstone Member and the Muley Canyon Sandstone Member of the Upper Cretaceous Mancos Shale. Although the Dakota Sandstone is also coaliferous here, its coals are insignificant. The Ferron Sandstone Member's coalbeds average 1-3 ft thick, with an aggregate thickness of up to 16.5 ft. However, the total coal thickness is less than 2 ft across much of the basin. The Muley Canyon Sandstone Member's coals are thicker than those of the Ferron Sandstone Member-typically 2-5 ft thick within individual beds and up to 27.5 ft thick in aggregate. The Ferron Sandstone Member is deeper than the Muley Canyon Sandstone Member. The Ferron Sandstone Member coals extend to deeper than 2,000 ft, but the Muley Canyon Sandstone Member coals are almost all shallower than 1,000 ft (Tabet, 2000) .
A polygon corresponding to the area of the Ferron Sandstone Member coal zone deeper than 1,000 ft was digitized from figure 7 in Tabet (2000) .
Uinta Region
The principal coal-bearing strata of the Uinta Region, in Utah and Colorado, are the Upper Cretaceous Mesaverde Group (Tremain and others, 1996; Kirschbaum and others, 2000) and, in Colorado, the Upper Cretaceous Dakota Sandstone. The Mesaverde Group's main coal-bearing layers are the Iles and Williams Fork Formations (Kirschbaum and others, 2000) . Most of the eastern Uinta Region is covered by more than 3,000 ft of overburden (Jones and others, 1978) .
The primary coal-bearing formation of the Wasatch Plateau, on the far western edge of the Uinta Region, is the Upper Cretaceous Blackhawk Formation, which may extend deeper than 5,000 ft (Dubiel, 2000) . Coals on the Wasatch Plateau may occur even deeper in the Ferron Sandstone Member and Emery Sandstone Member of the Cretaceous Mancos Shale. East of the Wasatch Plateau, the Emery coal field contains the upper and lower Ferron coals (Ryer, 1981) . These deep coals are in the Ferron Sandstone Member of the Mancos Shale and have a net thickness of 24 ft (Dallegge and Barker, 2000) . The polygon for this area in the accompanying map was made by creating a surface using interpolation of available IHS Inc. (2010) well data. These and other areas of deep coal in the Utah portion of the Uinta-Piceance Basin should be reexamined when more depth information is available.
NCRDS data (U.S. Geological Survey, 2012) for wells that intersect coalbeds at least 3,000 ft below the surface are primarily concentrated in the Colorado (eastern) side of the Uinta-Piceance Basin. These records represent substantial deep coalbeds in the following strata with corresponding ranges of bed thicknesses: Corcoran Member of the Mount Garfield Formation of the Mesaverde Group (1-12 ft), Cozzette Formation (1-8 ft), Mesaverde Formation (1-45 ft), Mesaverde Group (1-52 ft). However, IHS Inc. (2010) and NCRDS formation names and field names correspond poorly in the basin.
Data from IHS Inc. (2010) and the U.S. Geological Survey Colorado Plateau Coal Assessment Team (2000) were combined to create the Uinta Basin deep coal polygons.
Areas corresponding to overburdens of 1,000-3,000 ft, and more than 3,000 ft over the base of the Blackhawk Formation, were selected from the NCRA shapefile for the southern Wasatch Plateau-ws_fin.shp; attribute OVERB of 10-20 and 20-30 and OVERB of >30, respectively. The units for overburden thickness in the shapefile are hundreds of feet (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) . Areas corresponding to overburdens of 1,000-3,000 ft and more than 3,000 ft over the base of the Cameo-Fairfield coal group (east of 107º15′W longitude, pscb_fin.shp) and the Cameo-Wheeler coal zone (west of 107º15′W longitude, pscw_fin.shp) were selected from the NCRA data shapefiles for the Piceance Basinattribute OVERB of 10-20 and 20-30 and OVERB of >30, respectively (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) . Areas corresponding to overburdens of 1,000-3,000 ft and more than 3,000 ft over the base of the South Canyon and Coal Ridge coal zones were selected from the NCRA shapefiles for the Piceance Basin-pssc_fin.shp, pscr_ fin.shp; attribute OVERB of 10-20 and 20-30 and OVERB of >30, respectively, (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) . Areas corresponding to overburden of more than 1,000 ft over the base of the B and D coal fields of the Lower White River coal field, Deserado coal assessment area, were selected from NCRA shapefiles desb_fin.shp and desd_fin.shp, respectively (attribute OVERB of >10). The units for overburden thickness in the shapefile are hundreds of feet (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) .
The eastern section of the Uinta Region's deep coal polygons was created by combining NCRA overburden estimates and the Jones and others (1978) map of the depth to bituminous coal occurrences deeper than 3,000 ft. Areas corresponding to overburden categories of more than 3,000 ft in NCRA data (U.S. Geological Survey Colorado Plateau Coal Assessment Team, 2000) for the Alton coal field and the Wasatch Plateau coal field (Blackhawk Formation) were selected and added to the Uinta Basin deep coal polygons.
IHS Inc. (2010) tops data were used to create the portions of the Utah sections of the Uinta-Piceance Basin. IHS Inc. (2010) tops data for the Ferron coal and Mesaverde Formation were selected from the UintaP-IHS_tops.shp shapefile. An interpolated surface model was created for the Mesaverde Formation, and contours of 3,000 ft and 1,000 ft were created and exported. These lines were converted into polygons. All shapefiles were merged to create the final polygons.
Pacific Coast Province
Coals west of the Cascade Range are intensely deformed, with steep northwestward dips and an increasing coal rank from west to east (Choate and Johnson, 1980) . Michael Brownfield (USGS, written commun., 2012) , an expert on the region's geology, suggested coal in Washington deeper than 3,000 ft occurs in the Bellingham Basin. Additional literature searches led to the inclusion of additional coal fields in Washington: Glacier coal field in Whatcom County, Green River coal field in King County, and the Wilkeson-Carbonado coal field in Pierce County. Cowlitz County, Washington, was not considered because of a lack of information in the geologic literature. Due to a lack of specific depth-to-coal information, the entire shape of each Washington and Oregon coal field from East (2013) was used to delineate areas of coal deeper than 3,000 ft in the Oregon and Washington coal basins detailed below.
Bellingham Basin and Glacier Coal Field
The primary coal-bearing formations of the Bellingham Basin are the Huntingdon and underlying Chuckanut Formations of Eocene alluvial deposits (Choate and Johnson, 1980) ; the most extensive coals occur in the Chuckanut Formation (Brownfield, 2011) . These units are significantly deformed and deepen away from the western edge of the Cascade Range (Choate and Johnson, 1980) . The Chuckanut Formation contains 15 coalbeds ranging from 1 to 15 ft thick (EPA, 2004e) . The entire formation is over 19,000 ft thick in its deepest basins and contains coal in the lowest member, the Bellingham Bay Member. Walsh and Phillips (1983) estimate an overburden thickness of more than 20,000 ft. The coal areas in Skagit County, Wash., were included with the Bellingham Basin. These areas share the same coal-bearing formation (Walsh and Phillips, 1983) , although the literature is silent concerning these areas in Skagit County. The Glacier coal field is east of the Bellingham Basin and shares the same coal-bearing formation; much of the coal is anthracite (Woodruff, 1914) .
The Jordan Exploration Company, LLC, investigated storing carbon dioxide storage in coalbeds of the Huntingdon and Chuckanut Formations before 2009 (Stevens, 2009 ). The project did not proceed, however, because of the considerable distance to carbon dioxide sources and the regional structural deformation of coal-bearing sediments (U.S. Department of Energy, 2010).
Wilkeson-Carbonado Coal Field
The Wilkeson-Carbonado coal field appears to contain coal deeper than 3,000 ft (Choate and Johnson, 1980) , but this should be investigated further with additional depth information, as an expert on the region, Michael Brownfield, did not suggest this area as a possible target for carbon dioxide storage (USGS, written commun., 2012) . The coal-bearing formation in this coal field is the Eocene Carbonado Formation and consists of over 5,000 ft of interbedded sandstone, siltstone, mudstone, shale, and coal. Its ten coalbeds are each 1-15 ft thick. The Carbonado Formation is intensely deformed, with fault displacements of up to 1,500 ft (EPA, 2004e) . The Carbonado Formation lies beneath more than 11,000 ft of sedimentary and volcanic rocks (Choate and Johnson, 1980) .
Green River Coal Field
The Green River coal field in King County, Wash., appears to contain coal deeper than 3,000 ft (Choate and Johnson, 1980) . However, this should be investigated further with additional depth information, as an expert on the region, Michael Brownfield, did not suggest this area as a possible target (USGS, written commun., 2012) . The coal-bearing stratum of the Green River coal field is the undifferentiated Eocene Puget Group, which is divided into the Bayne, Franklin, and Kummer coal zones (Evans, 1912; EPA 2004e) . The Puget Group contains at least 12 coalbeds ranging in thickness between 3 and 40 ft (Choate and Johnson, 1980) and the coals rank from subbituminous to high-volatile bituminous (EPA, 2004e) . Coal was mined historically from a depth of 4,000 ft in part of this field (Philips and Walsh, 1981) .
Coos Bay Field
The coal-bearing formation of Oregon's Coos Bay coal field is the Eocene Coaledo Formation, which thins from around 6,000 ft thick in the east to around 3,000 ft thick in the west (Duncan, 1953) . Coal occurs in both the upper and lower Coaledo Formation (Ehlen, 1967) . According to regional cross sections by Black and Madin (1995) , the Coaledo Formation is deeper than 3,000 ft on the far western edge of the field. Coalbeds of the Coaledo Formation range from less than an inch to 19 ft thick (Sidle, 1981) North Slope (Alaska) Province
North Slope
The North Slope (Alaska) Province contains deep Mississippian coal deposits up to 5 feet thick (Clough and Stricker, 1994) , but little is known about its lateral continuity due to a lack of well data at these depths. The primary Mississippian-age field is in the Lisburne mining district (Collier, 1906; Martin, 1907) .
Of the Cretaceous coal-bearing rocks, the most substantial are the Lower Cretaceous Nanushuk Formation and the Upper Cretaceous Prince Creek Formation. The Nanushuk Formation comprises marine and coal-bearing non-marine strata; formerly called the Corwin and Killik tongue of the Chandler Formation (Sable and Stricker, 1987) ; and has a maximum thickness of 9,800 ft. The Nanushuk Formation coal is confined to nonmarine sediments that interfinger with marine sediments. The Upper Cretaceous section has a maximum thickness of 5,000 ft and contains the Seabee, Schrader Bluff, and coal-bearing Prince Creek Formations (formerly of the Colville Group). The coals of the Prince Creek Formation are thinner, contain more ash, and have been less of a focus for economic development than those of the Nanushuk Formation.
The polygons for the Colville Group and Nanushuk Formation (primarily Corwin Formation), the primary coal-bearing groups, unit attributes Kc and Kco, were selected from Merritt and Hawley's (1986) coalunit_poly.shp shapefile. Scarce well data prevented further depth analyses. The North Slope should be reexamined in more detail as a target for carbon dioxide storage if additional depth-to-coal information can be found.
Southern Alaska-Cook Inlet Province
Nenana Coal Field
The Nenana coal field is the largest field in the Southern Alaska-Cook Inlet Province. Its coal is mainly in the Healy Creek, Suntrana, and Lignite Creek Formations of the Tertiary Usibelli Group, and ranges from lignite to subbituminous. Coalbeds in the Oligocene to middle Miocene Healy Creek Formation are up to 65 ft thick. The middle Miocene Suntrana Formation contains six major coalbeds, individually up to 65 ft thick. The middle to late Miocene Lignite Creek Formation contains only relatively thin coalbeds, less than 4 ft thick (Wahrhaftig and others, 1994) .
The Nenana coal field polygons were created by digitizing figure 15 of Wahrhaftig and others (1994) and selecting the areas where coalbed no. 6 of the Suntrana Formation-the most significant coalbed in the Nenana coal field-is beneath 1,000-3,000 ft of overburden.
Cook Inlet Basin
The Cook Inlet Basin's most substantial coal-bearing formation, the Miocene Tyonek Formation of the Kenai Group, ranges in depth from immediately below Quaternary glacial sediments in the Matanuska Valley to more than 10,000 ft below the surface in the middle of the basin. The entire Kenai Group is 26,000 ft thick (Calderwood and Fackler, 1972) . The beds of the Tyonek Formation are 50-300 ft thick (Montgomery and others, 2003) . There are additional overlying Tertiary coalbearing formations including the Beluga and Sterling Formations, but their coalbeds are thinner than the coalbeds of the Tyonek Formation (Carter and Adkison, 1972) . The areas included in this analysis are subbituminous in rank.
In the Cook Inlet Basin, The Tyonek unit polygons were selected from Merritt and Hawley's (1986) coalunit_poly. shp shapefile including unit codes Tku, Tt, Ttt, and Tu. These were intersected with the Alaska coal basin polygons from Tewalt and others (2008) of the Cook Coal Basin (AK_coal_shapes.shp shapefile). Finally, to obtain depth information, a surface model was created using IHS Inc. (2010) tops data using the inverse distance weighted interpolation tool. Contours of 1,000 ft were created, integrated, and used to split the original Cook coal basin polygons into polygons of 1,000-3,000 ft depth and greater than 3,000 ft depth.
Areas with Insufficient Deep Coal for Carbon Dioxide Storage
A preliminary investigation using 3,000 ft and 1,000 ft depth requirements for carbon dioxide storage without ECBM recovery and with ECBM recovery, respectively, eliminated the basins listed below as targets for future assessments of carbon dioxide storage. These areas are not included in the accompanying shapefiles.
Interior Province
Michigan Basin
Michigan Basin coal is shallower than the required minimum depth for carbon dioxide storage. Wanless and Shideler (1975) identified the deepest coal-bearing formation as the Pennsylvanian Saginaw Formation based on the lack of fossil flora below the Saginaw coalbed. The base of the Saginaw Formation is less than 1,000 ft deep (Stark and McDonald, 1980) , and Swezey and others (2015) reported that drilling depths to coalbeds were less than 800 ft.
Northern Great Plains Province
Bull Mountain Coal Field
The Paleocene Fort Union Formation in the Bull Mountain coal field, Montana, lies beneath less than 500 ft of overburden (Conner, 1988) , and each bed ranges from less than 1 ft to 17 ft thick (Stricker, 1999) . Additionally, the coalbeds discussed by Woolsey and others (1917) were all on the order of hundreds of feet below the surface. The deepest coalbed in this area is the Big Dirty, in the Lebo Shale Member of the Fort Union Formation (Stricker, 1999) , with an overburden of slightly over 200 ft (Colorado School of Mines Research Institute, 1978) .
North-Central Region
The coal of the North-Central region of the Northern Great Plains Province is scattered and discontinuous unlike the thick, continuous coalbeds of eastern Montana (Combo and others, 1949) . The North-Central region, in western Montana, contains the Great Falls coal field, the Blackfeet-Valier area, and the Flathead coal field. Partly because of its discontinuous character, coal in this region was considered unsuitable for carbon dioxide storage and not mapped as part of this project.
The coal-bearing formation of the Great Falls coal field is the lower Cretaceous Kootenai Formation, which has a local coal zone of multiple beds ranging from 2 to 4 ft thick, occurring around 60 ft above the base of the formation (Barnett, 1917) . IHS Inc. (2010) tops data suggest that the Kootenai Formation does not reach 3,000 ft below the surface until areas of the Bull Mountain field to the southeast, the Blackfeet-Valier area to the northwest, or the North-Central region to the north.
The Blackfeet-Valier area contains two coal-bearing formations, both Cretaceous in age: the St. Mary River and the deeper Two Medicine Formations. Thin coalbeds exist 250 ft above the base of the Two Medicine Formation, which is up to 2,200 ft thick (Berg, 2002) . However, none of the coalbeds in the five coal zones in the Blackfeet area are thicker than 2 ft (Balster and others, 1976) . Valier coal zone bed-thickness averages about 38 inches (Balster and others, 1976) . No IHS Inc. (2010) wells intercepted these formations at deeper than 3,000 ft in the Blackfeet-Valier area. Balster and others (1976) reported that the east side of the Blackfeet field dips steeply, sending coalbeds deeper than "minable depths," but this depth was not quantified.
The Flathead coal field contains Upper Cretaceous coal, but Ferguson (1906) gave no depth estimates. No IHS Inc. (2010) data exist for this field.
Rocky Mountain Province
Black Mesa Coal Field
Coal in the Black Mesa coal field, northeastern Arizona, is primarily in the Cretaceous-age Dakota, Toreva, and Wepo Formations, and most of it is shallow, covered by less than 1,000 ft of overburden (Nations and others, 2000) .
Pacific Coast Province
Centralia and Roslyn Coal Fields
Coal in the Centralia coal field in Thurston and Lewis Counties, Wash., occurs in the Skookumchuck Formation, which is covered by less than about 1,500 ft of overburden (Walsh and Philips, 1983) . For this reason, the Centralia coal field was not included in this report as a potential target for carbon dioxide storage, despite a West Coast Regional Carbon Sequestration Partnership (WESTCARB) carbon dioxide storage potential study of the location. WESTCARB's depth requirements-from 300 ft to 1000 ft-were in large part shallower than those in this investigation (Stevens, 2009 ). As of 2010, no test injections of carbon dioxide had occurred in the Centralia coal field (National Energy Technology Laboratory, 2010a).
Similarly, the coal in the Roslyn coal field (Kittitas County, Wash.) in the Eocene Roslyn Formation is only about 1,700 ft below the surface (Walsh and Phillips, 1983) and is not included in this report as a potential target for carbon dioxide storage.
Oregon Coal Fields and Basins
The coals of the Eden Ridge coal field and Rogue River Basin occur in the Eocene Tyee and Umpqua Formations, respectively (Brownfield, 2011) . It is unlikely that coal deeper than 3,000 ft exists in either, as neither was suggested by Brownfield (USGS, written commun., 2012) . The base of the Tyee Formation is about 1,500 ft deep (Wayland, 1965) . The Umpqua Formation, however, is the deepest coal-bearing formation in western Oregon and should be investigated further.
